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ABSTRACT 
Gagnk, J.A. and OtBoyle R.N., 1984. The Timing of Cod 
Spawning on the Scotian Shelf. In: E. Dahl. D.S. Danielssen, 
E. Moksness and P. Solemdal (Editors), The Propagation of 
Cod Gadus morhua L. Fledevigen rapportser., 1, 1984: 501-517. 
We used results from the Scotian Shelf Ichtyoplankton Pro- 
gramme to describe the spatial and temporal distributions of 
cod eggs and larvae off the coast of Nova Scotia. Summer spawn- 
ing is restricted to the waters along the Laurentlan Channel. 
Eggs and/or larvae are found In the spring in all areas where 
spawning activities are detected. Late fall - early winter 
spawning takes place over several banks and along the southern 
coast of Nova Scotia. A match between the seasonal blooms and 
the time of spawnlng does not appear to be essential, although 
it might exist in the spring. Larval drift from spawning 
grounds to nursery grounds is apparently rare on the Scotlan 
Sh.elf. These findings are discussed with reference to the 
match-mismatch hypothesis of Cushing. 
OIBoyle et al. (in press) recently presented an analysis of 
the data collected during eleven surveys conducted between 1978 
and 1980 as part of the Scotlan Shelf Ichthyoplankton Pro- 
gramme. Atlantlc cod (Gadus morhua L.) was one of the six 
species included in their analysis. The data available to them 
suggested that cod spawning on the Scotian Shelf was restricted 
to the November to May period. It appeared to commence in the 
fall primarily around Sable Island Bank and along the Nova 
Scotia coast. By April, it had shlfted to some of the south- 
western banks. 
These authors saw little evidence of larval drift and indi- 
cated that for at least some of the species studied, the tlme 
of spawning did not match the seasonal blooms as proposed by 
Cushing (1969; 1982). They suggested that larval retention 
could play an important role in determining larval survival in 
a manner similar to that described by Iles and Slnclair (1982) 
for herring. 
The present analysis extends the ichthyoplankton data set 
into early 1981 and introduces new data on the distribution of 
yearling cod on the Scotian Shelf. Unllke OtBoyle et al. (in 
press), we concentrate on cod only. We discuss the timing of 
cod spawnlng on the Scotian Shelf with respect to larval drift 
and the influence of the seasonal plankton blooms. 
MATERIALS AND METHODS 
Eggs and Larvae 
The Scotian Shelf Ichthyoplankton Programme was designed in 
1976 to provide basic information on the spatial and temporal 
distribution of fish eggs and larvae over the continental shelf 
off Nova Scotia, Canada. In order to survey this large area 
practically, a grid of 150 stations approximately 30 km apart 
was adopted (Fig. 1). 
To achieve such an extensive coverage, only a few statlons 
F i g .  1. Grid adopted  f o r  t h e  S c o t i a n  S h e l f  I c h t h y o p l a n k t o n  
Programme. The 200 m i s o b a t h  i s  shown. 
were l o c a t e d  n e a r  t h e  c o a s t  o r  on t h e  s m a l l e r  o f f s h o r e  banks  
( T a b l e s  1 and 2 ) .  
We r e f e r  t o  t h e  a r e a s  between t h e  c o a s t  and t h e  50 m l s o b a t h  
a s  c o a s t a l  a r e a s .  To l n v e s t l g a t e  s p a t l a l  p a t t e r n s ,  a l l  s t a t l o n s  
w l t h l n  t h e s e  b o u n d a r l e s  were a s s l g n e d  t o  u n l t  a r e a s  a r b l t r a r l y  
d e f l n e d ,  a l t h o u g h  r e l a t e d  t o  malor geographic r e g l o n s  of  Nova 
S c o t l a  ( F l g .  2 ) .  
Between 1978 and 1982 ,  bimonthly sampllng was conduc ted  
u s l n g  a  v a r l e t y  o f  p lank ton  n e t s .  The major sarnpllng d e v l c e  was 
t h e  6 1  cm bongo frame f l t t e d  w l t h  two 0.333 mm n l t e x  n e t s .  
Obl lque  tows were made from 0  t o  200 m o r  bot tom a t  a  s h l p  
speed  of  2.0 t o  2.5 k n o t s .  Wlre-ln and -ou t  r a t e s  were 20 and 
50 m.mln-l respectively whlch ach leved  approximately 1 m 3  
of w a t e r  sampled p e r  metre  of  wate r  d e p t h .  A l l  samples  used  f o r  
this paper were collected in this way and stored in 5% buffered 
f ormalin. 
Our analysis examines the results of 16 of the 38 surveys 
completed during the programme. We cannot include the other 
surveys because the samples for 1976 to 1978 are currently 
undergoing resorting to obtain more accurate information, while 
the data for the 1981 and 1982 surveys have not yet been fully 
processed. 
The greatest sampling intensity between 1978 and 1981 was 
achieved over the northern portion of the shelf while sampling 
of the southern half was limited (Tables 1 and 2). 
our current sorting protocol does not allow discrimination 
among the early stage eggs of cod (Gadus morhua L.), haddock 
(MeZanogrammus aegzefinus L.) and witch flounder (GZypto- 
cephaZus cynogZossus L.). Identification first becomes reli- 
able when the length of the embryo curled around the vltellus 
is such that the tail reaches beyond the head. Hatching follows 
shortly after. Only eggs at and after this developmental stage 
TABLE 1 
Number of stations where an oblique bongo tow was made in each 
coastal area. 
J A S O N D J F M A M J  
Sydney  B i g h t  79 3  6 
7 9 / 8 0  3 5 1 7  4  8  7  
8 0 1 8 1  7 2 2 3  3 7  
E a s t e r n  Cape 7  9  2 1 
B r e t o n  7 9 / 8 0  3  2  2  2  2  
8 0 / 8 1  1 2 2  1 
E a s t e r n  S h o r e  7  9  2  2 
7 9 / 8 0  2  2  2  2 2  
8 0 1 8 1  2  2  2  2  
H a l i f a x  A r e a  7  9  3 3  
7 9 / 8 0  1 2 3  3 3 3  
8 0 1 8 1  3 3  3  3  
S o u t h  S h o r e  79 4  2  
7 9 / 8 0  1 4  4 2  4  
8 0 1 8 1  2 4 5  3  
W e s t e r n  S h o r e  7  9  
7 9 / 8 0  
TABLE 2 
Number o f  s t a t i o n s  where  an  o b l i q u e  bongo tow was made on e a c h  
o f f s h o r e  b a n k .  The b a n k s  be low t h e  d o t t e d  l i n e  a r e  t h e  s o u t h e r n  
o n e s .  
J A S O N D J F M A M J  
M ~ s a ~ n e  7  9  7  4  
7 9 / 8 0  1 0  9  8  8  8  9  1 0  
8 0 1 8 1  9  9  9 1 1  6 9  1 0  
B a n q u e r e a u  7  9  5  9  
7 9 / 8 0  1 3  1 2  5  8  1 1 4  11 
8 0 1 8 1  5  1 5  1 5  1 5  8  1 2  6 
M i d d l e  7  9  3  2  
7 9 / 8 0  3 3 3 3  2  3 3  
8 0 1 8 1  2 3 4 3  3  3  2  
S a b l e  79  9  5  
7 9 / 8 0  1 0  1 2  1 0  7 6 8  8  
8 0 1 8 1  8  9  9 1 0  7  9  9  
W e s t e r n  7  9  3  3 
7 9 / 8 0  2 3 2 2  2  1 
8 0 1 8 1  2 2 2 3  2  2  
E m e r a l d  7  9  6 3  
7 9 / 8 0  2  2  2  2  1 2  2  
8 0 1 8 1  2  2  2  2  2  2  
Roseway  7  9  1 1  
7 9 / 8 0  1 1 2 1  1 1 
8 0 1 8 1  1 1 1  1 1  1 
B a c c a r o  7  9 1 1  
7 9 / 8 0  2 2  2  2  2  
8 0 1 8 1  3  3  1 2  2  
Browns 7  9  4 2  
7 9 / 8 0  3  4  2  4 4  4 4  
8 0 / 8 1  3  4  3  4  
h a v e  b e e n  I n c l u d e d  I n  t h e  p r e s e n t  analysis. 
We q u a l l t a t l v e l y  summarize t h e  abundance  o f  cod  e g g s  and  
l a r v a e  I n  e a c h  a r e a  a s  f o l l o w s :  a b s e n t  - 0 .m-'; p r e s e n t  - 
s p e c l m e n s  c a u g h t  a t  one  s t a t l o n  o n l y ;  abundan t  - 1 t o  5.m- 2 
a t  more t h a n  o n e  s t a t l o n ;  v e r y  a b u n d a n t  - g r e a t e r  t h a n  5 . 1 n - ~  
a t  a  few s t a t l o n s  o r  1 t o  5.m-* a t  most s t a t l o n s  o r  s p e c l m e n s  
found  a t  a l l  s t a t l o n s .  
SCOTIAN SHELF 
BOTTOM TOPOGRAPHY 
F i g .  2 .  Map o f  c o a s t a l  a r e a s  and o f f s h o r e  b a n k s .  The 100  and  
200 m i s o b a t h s  a r e  shown. 
J u v e n i l e s  
I n  o r d e r  t o  d e s c r i b e  t h e  distribution o f  o n e  y e a r - o l d  cod  on 
t h e  S c o t l a n  S h e l f ,  we p r e s e n t  d a t a  f rom t h e  C a n a d i a n  g r o u n d f l s h  
s u r v e y  programme. These  s t r a t l f l e d  random s u r v e y s  h a v e  been  r u n  
o v e r  t h e  e n t l r e  s h e l f  I n  t h e  summer o f  e a c h  y e a r  s i n c e  1970 t o  
p r o v l d e  abundance  estimates f o r  t h e  d e m e r s a l  f l n f l s h  s p e c i e s  o f  
commercial ~ n t e r e s t .  From 1970 t o  1 9 8 1 ,  a  Yankee 36 bo t tom 
t r a w l  w l t h  a  0 . 6  c m  l l n e r  o v e r  t h e  codend  was u s e d .  A more 
c o m p l e t e  d e s c r l p t l o n  o f  t h e  s u r v e y  d e s i g n  c a n  b e  f o u n d  I n  
H a l l l d a y  and K o e l l e r  ( 1 9 8 1 ) .  We u s e  t h e  d a t a  f o r  1976 t o  1981 .  
Eggs were caught  a l l  a l o n g  t h e  c o a s t  a l t h o u g h  n o t  neces -  
s a r i l y  a t  t h e  same t i m e  ( T a b l e  3 ) .  I n  t h e  Sydney Bight  a r e a ,  
l 
t h e y  were found malnly between May and August ,  a  c l e a r  i n d i -  
c a t i o n  o f  summer spawning.  Spawning i n  summer a p p e a r s  t o  b e  
restricted t o  Sydney B l g h t  a s  no eggs  were found anywhere e l s e  
a long  t h e  c o a s t  from J u l y  t o  September.  S p r i n g  spawning o c c u r s  
i n  a l l  c o a s t a l  a r e a s  and t h e r e  is  some i n d i c a t i o n  t h a t  i t  may 
s t a r t  around March s o u t h  of  H a l i f a x .  Cod eggs were a l s o  found 
I i n  l a t e  f a l l  and /or  e a r l y  w i n t e r  i n  a l l  a r e a s  e x c e p t  t h e  c o a s t  
1 of e a s t e r n  Cape B r e t o n .  Our d a t a  s u g g e s t  t h a t  l a t e  autumn - 1 
TABLE 3 
R e l a t i v e  abundance of  eggs  of  A t l a n t i c  Cod (Gadus morhua L . )  
a long  t h e  c o a s t  of  Nova S c o t i a .  Symbols: 0 a b s e n t , e p r e s e n t ,  
abundant ,  ve ry  abundant ,  - a r e a  n o t  covered  by t h e  
s u r v e y .  Each c a t e g o r y  i s  d e f i n e d  i n  t h e  t e x t .  
J A S O N D J F M A M J  
Sydney Bight 7 9  
7 9 / 8 0  
8 0 / 8  1 
Eastern Cape 7 9  
Breton 7 9 / 8 0  
8 0 / 8  1 
Eastern Shore 7 9  
7 9 / 8 0  
80/81 
Halifax Area 7 9  
79 /80  
8 0 / 8  1 
South Shore 7 9  
7 9 / 8 0  
eo/si 
Western Shore 7 9  a - 
7 9 / 8 0  0 0 0 0  0 0 0 
80 /81  - 0 0 -  0 0  - 
e a r l y  w i n t e r  spawning could  b e  more i m p o r t a n t  t h a n  s p r i n g  
spawning i n  a t  l e a s t  two a r e a s ,  H a l i f a x  and t h e  South  Shore.  
F i n a l l y ,  no eggs  were found a long  t h e  c o a s t  i n  September o r  
October  (Sydney B i g h t  e x c e p t e d )  and i n  J a n u a r y  o r  February .  
Cod l a r v a e  show a  d i s t r i b u t i o n  s i m i l a r  t o  t h a t  of t h e  eggs 
i n  t h e  c o a s t a l  a r e a s  ( T a b l e  4 ) .  Larvae were caught  i n  summer 
o n l y  i n  t h e  Sydney B i g h t  a r e a  w h i l e  t h e y  were found i n  l a t e  
s p r i n g  and e a r l y  summer i n  a l l  a r e a s  s o u t h  of  e a s t e r n  Cape 
Bre ton .  Larvae were q u i t e  abundant  o f f  H a l i f a x  and t h e  South 
Shore  i n  November and December and a l s o  p r e s e n t  i n  Sydney Bight  
and a l o n g  t h e  E a s t e r n  Shore.  No l a r v a e  were c a u g h t  anywhere i n  
e a r l y  f a l l  o r  I n  J a n u a r y .  Not a  s i n g l e  cod l a r v a  was caught  I n  
t h e  e a s t e r n  Cape Bre ton  a r e a .  
T a b l e  5 p r e s e n t s  t h e  r e l a t i v e  abundance of cod eggs over  t h e  
o f f s h o r e  banks .  Between June  and August ,  cod eggs  were found 
over  Misa ine  and Banquereau Banks a t  t h e  n o r t h e a s t e r n  egde of  
TABLE 4  
R e l a t i v e  abundance o f  cod l a r v a e  a l o n g  t h e  c o a s t  of  Nova 
S c o t i a .  Symbols a s  f o r  Table  3 .  
J A S O N D J F M A M J  
Sydney Bight 7 9  
7 9 / 8 0  
8 0 / 8  1 
Eastern Cape 7 9  
Breton 79 /80  
8 0 / 8  1 
Eastern Shore 7 9  
79 /80  
80/81 
Halifax Area 7 9  
79/80 
8 0 / 8  1 
South Shore 7 9  
7 9 / 8 0  
80/81 
Western Shore 7 9  
7 9 / 8 0  
8 0 / 8  1 
TABLE 5 
Relative abundance of cod eggs over the offshore banks. The 
banks below the dotted line are the southern ones. Symbols as 
for Table 3. 
J A S O N D J F M A M J  
Misaine 7 9  0 * 
7 9 / 8 0  m 0 0 0  0 0 
8 0 /  8 1 0 0 0 0  0 0  0 
Bonquereou 7 9  0 .  
7 9 / 8 0  0 0 0 .  0 • 
80/81 0 0 0 .  0 0  • 
Middle 7 9  0 0 
7 9 / 8 0  0 0 0. 0 0 0  
80 /81  0 0 0 0  * O  0 
Sable 7 9  • 0 
7 9 / 8 0  0 0 0. 0 0 0  
8 0 /8  1 0 0 0 .  @ *  e 
Western 7 9  @ o  
79/00 0 0 0  0 - 0 0 
80 /81  0 0 0 0  - 0  • 
Emerald 7 9  • 0 
7 9 / 8 0  0 0 0 0  0 0 0 
8 0 / 8  1 0 0 0 0  - 0  • 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
LaHave 7 9  0 0 
79 /80  0 0 0 0  0 0 0 
8 0 / 8  1 0 0 0 -  0 0  • 
Roseway 7 9 0 0 
79 /80  0 0 0 0  0 - 0 
80/81 0 0 0 -  0 0  0 
Baccaro 7 9  0 0 
7 9 / 8 0  0 0 - 0  0 - 0 
80/81 - 0 0 -  0 0  
Browns 7 9  0 
79/80 0 0 0 .  0 0 0 
8 0 / 8  1 - 0 0 -  0 0  - 
t h e  s h e l f .  The s t a t l o n  by s t a t l o n  d a t a  show t h a t  t h e  eggs 
caught  o v e r  Banquereau came from t h e  n o r t h e a s t e r n  h a l f  o f  t h a t  
bank. 
S p r l n g  spawnlng a c t l v l t y  was d e t e c t e d  on most o f f s h o r e  
b a n k s ,  b e l n g  especially I n t e n s e  on S a b l e  and Western Banks. 
Whlle spawnlng a p p e a r s  t o  s t a r t  a t  t h e  same t l m e  on a l l  t h e  
b a n k s ,  1 . e .  around March, l t  seems t o  l a s t  l o n g e r  on 
Banquereau,  Mlddle and S a b l e  Banks where eggs were caught  u n t i l  
May. On t h e  o t h e r  banks spawning could  b e  o v e r  around t h e  end 
o f  A p r i l .  
Our egg d a t a  s u g g e s t  t h a t  f a l l  and e a r l y  w l n t e r  spawnlng 
o c c u r s  malnly on t h e  n o r t h e a s t e r n  banks:  Banquereau, Mlddle and 
S a b l e .  On Mlddle and S a b l e  Banks t h e  l n t e n s l t y  of  spawning dur -  
l n g  t h a t  p e r l o d  i s  comparable t o  t h a t  observed  I n  t h e  s p r l n g .  
No e v i d e n c e , o f  autumn spawnlng could  b e  s e e n  on any of  t h e  
banks s o u t h  of  S a b l e  Bank, w l t h  t h e  e x c e p t i o n  of Browns Bank 
where eggs were found once i n  November. A s  observed  f o r  t h e  
c o a s t a l  a r e a s ,  no spawnlng a c t l v l t y  seems t o  t a k e  p l a c e  on t h e  
o f f s h o r e  banks f o r  two o r  t h r e e  months I n  l a t e  summer and e a r l y  
f a l l  (Mlsa lne  e x c e p t e d )  and I n  mld-wlnter.  
The d l s t r l b u t l o n  of l a r v a e  o f f s h o r e  ( T a b l e  6 )  g e n e r a l l y  
a g r e e s  w l t h  t h e  scheme s u g g e s t e d  by t h e  egg d a t a .  I n d e e d ,  
Mlsalne and Banquereau a r e  t h e  o n l y  banks where l a r v a e  were 
caught  I n  August and September,  obviously a s  a  r e s u l t  of  summer 
spawnlng. Interestingly, t h e  l a r v a e  caught  on Banquereau a l l  
come from t h e  s t a t l o n s  n e a r  t h e  n o r t h e a s t e r n  edge of  t h e  s h e l f .  
T h e r e f o r e  bo th  t h e  egg and t h e  l a r v a l  d a t a  l n d l c a t e  t h a t  summer 
spawnlng 1s restricted t o  t h e  w a t e r s  bordering t h e  L a u r e n t l a n  
Channel .  On La Have and Browns Banks, l a r v a e  were p r e s e n t  o n l y  
I n  t h e  s p r i n g  w h i l e  on Western and Emerald Banks l a r v a e  were 
caught  from J a n u a r y  t o  May o r  J u n e .  F l n a l l y ,  l a r v a e  c o u l d  b e  
found on Banquereau, Mlddle and S a b l e  Banks a t  any t l m e  between 
October  and June .  
When bo th  t h e  egg and t h e  l a r v a l  d a t a  a r e  considered 
t o g e t h e r  f o r  t h e  o f f s h o r e  banks ,  t h e  following p l c t u r e  emerges.  
Summer spawnlng IS r e s t r i c t e d  t o  t h e  w a t e r s  a l o n g  t h e  Lauren- 
t i a n  Channel.  S p r l n g  spawnlng most certainly o c c u r s  on a l l  t h e  
banks w l t h  t h e  p o s s i b l e  exception of Roseway Bank where 
n o  spawning  a c t i v i t y  was d e t e c t e d .  Spawning t a k e s  p l a c e  i n  l a t e  
autumn and e a r l y  w i n t e r  on Banquereau ,  Midd le  and S a b l e  Banks.  
W i n t e r  spawning  o f  l i m i t e d  i n t e n s i t y  is a l s o  s u g g e s t e d  f o r  , 
Weste rn  and Emerald  b a n k s  by  t h e  l a r v a l  d i s t r i b u t i o n  and f o r  
Browns Bank by  t h e  egg  d i s t r i b u t i o n .  Based on t h e  month d u r i n g  
TABLE 6 
R e l a t i v e  abundance  o f  cod  l a r v a e  o v e r  t h e  o f f s h o r e  b a n k s .  The 
b a n k s  below t h e  d o t t e d  l i n e  a r e  t h e  s o u t h e r n  o n e s .  Symbols  a s  
f o r  T a b l e  3 .  
J A S O N D J F M A M J  
Misaine 7 9  0 0 
79 /80  0 . 0  • 0 0 .  
80 /8  1 e 0 0 0  0 0  0 
Banquereau 7 9  0 0 
7 9 / 8 0  . * 0 *  0 0 
8 0 / 8  1 0 0 0 .  * O  0 
Middle 7 9  • 
7 9 / 8 0  0 0 0 0  0 0 .  
8 0 / 8  1 0 0 0 0  0 0  0 
Sable 7 9  • • 
79/80  0 0 0. • m .  
80/81 O O O m  0 .  • 
Western 7 9  
- 
. 
79/80 0 0 0 0  0 
8 0 / 8  1 0 0 0 0  - *  Q 
Emerald 7 9  • • 
7 9 / 8 0  0 0 0 0  0 .m 
8 0 / 8  1 0 0 0 0  - 0  • 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
LaHave 7 9  0 0 
79 /80  0 0 0 0  0 • 
80/81 0 0 0 -  0 0  0 
Rosewoy 7 9 0 0 
79 /80  0 0 0 0  0 - 0 
8 0 / 8  1 0 0 0 -  0 0  0 
Baccaro 7 9  0 0 
7 9 / 8 0  0 0 - 0  0 - 0 
80/81 - 0 0 -  0 0  0 
Browns 7 9  0 0  
79/80 0 0 0 0  0 • 0 
80/81 - 0 0 -  0 0  - 
which eggs were found and on the approximate time required for 
larvae to hatch (Wise, 1961), there appears to be no cod spawn- 
ing on the offshore banks in summer (Misaine and Banquereau 
Banks excepted) and in mid-winter (Sable Bank excepted). 
In all areas of the Scotian Shelf where we find evidence of 
cod spawning both in autumn and in spring, it appears to follow 
a bimodal pattern with no or very reduced activities in mid- 
winter. This important pattern was not observed by O'Boyle et 
al. (in press). Its possible ecological significance is dis- 
cussed In the last sectlon. 
Juveniles 
Table 7 shows the distribution of one-year old cod on the 
Scotian Shelf. It indicates that on the average between 1976 
and 1981, they were In higher concentrations over Sable, Middle 
and Banquereau Banks than anywhere else on the shelf. The dis- 
tribution of the two-year old cod (not shown here) follows the 
same pattern with about 60% of the young fish residing over 
these three banks. 
TABLE 7 
Relatlve abundance of l-year old Atlantlc cod (Gadus morhua 
L.) over the main banks and basins of the Scotian Shelf. ( %  of 
the estimate for the entlre shelf; data from Canadlan ground- 
flsh surveys.) 
BANKS. 1976 1977 1978 1979 1980 1981 MEAN 
Misaine 0 < I  0 II 0 0 2 
Banquereau 7 39  2 8 16 5 13 
Sable 61 1 1  2 6  14 14 6 4  3 2  
M~ddle 12 7 2 2 2 6  3 9 
Western 3 < l  1 6 6 1  3 
Emerald 0 2 0 0 1 0  < I  
La Have < I  0 0 < I  0 I < I  
Baccaro < I  0 0 I 0  < I  < I  
Raseway O I O I O < I  < I  
Browns 1 8  \ < I  0 0  2 
BASINS : 
-
Emerald 0 0 2 0 0 0  < I  
La Have 0 0 0 0 0 0  < I  
DISCUSSION AND CONCLUSION 
Timing  o f  Spawning 
The p r o d u c t i v i t y  c y c l e  o v e r  t h e  S c o t i a n  S h e l f  a p p e a r s  t o  b e  
t y p i c a l  o f  b o r e a l  w a t e r s  w i t h  a  ma jo r  bloom i n  A p r i l  and p rob-  
a b l y  a  minor  o n e  i n  O c t o b e r  ( O ' B o y l e  e t  a l . ,  i n  p r e s s ) .  I n  a l l  
a r e a s  where  t h e r e  was e v i d e n c e  o f  spawning  by  c o d ,  ma jo r  spawn- 
i n g  a c t i v i t i e s  a lways  o c c u r r e d  be tween  March and May. T h i s  
s i t u a t i o n  i s  v e r y  s i m i l a r  t o  t h o s e  d e s c r i b e d  by  C u s h i n g  ( 1 9 6 9 ;  
1 9 8 2 )  i n  s u p p o r t  o f  h i s  match-mismatch h y p o t h e s i s .  However,  
l a t e  autumn - e a r l y  w i n t e r  spawning  is  a  common o c c u r r e n c e  on 
t h e  S c o t i a n  S h e l f  and i ts  i n t e n s i t y  i s  comparab le  t o  s p r i n g  
spawning  i n  some a r e a s .  It i s  much more d i f f i c u l t  t o  s u g g e s t  a  
r e l a t i o n s h i p  be tween  t h e  bloom and t h e  spawning  a c t i v i t i e s  i n  
t h e  f a l l  s i n c e  t h e  m a j o r  c o n c e n t r a t l o n s  o f  l a r v a e  a r e  f o u n d  I n  
November and December,  w e l l  a f t e r  t h e  bloom. T h i s  s u g g e s t s  t h a t  
s e a s o n a l  b looms a r e  n o t  essential f o r  t h e  achievement o f  I n -  
t e n s e  spawnlng  by c o d .  T h i s  1s f u r t h e r  e x e m p l l f l e d  b y  t h e  
s l t u a t l o n  a l o n g  t h e  L a u r e n t l a n  Channe l  where  cod  seem t o  spawn 
extensively I n  summer, r l g h t  be tween  t h e  two s e a s o n a l  b looms.  
Water  t e m p e r a t u r e  c o u l d  b e  t h e  r e a s o n  why cod  spawning  d o e s  
n o t  s t a r t  b e f o r e  November I n  most a r e a s .  I n  Sep tember  and 
O c t o b e r ,  t h e  t e m p e r a t u r e  o f  t h e  s u r f a c e  w a t e r s  where  t h e  e g g s  
would b e  f o u n d  1s o f t e n  I n  t h e  v l c l n l t y  o f  1 6 O ~  on t h e  Sco- 
t l a n  S h e l f .  E v l d e n c e  f rom t h e  literature (Brawn,  1961 ;  Wlse ,  
1 9 6 1 ;  L a u r e n c e  and R o g e r s ,  1 9 7 6 )  indicates t h a t  cod  d o e s  n o t  
spawn I n  w a t e r  warmer t h a n  1 2 O ~ ,  p o s s l b l y  b e c a u s e  ~ . t  1s t o o  
warm f o r  t h e  embryos t o  d e v e l o p  p r o p e r l y .  T e m p e r a t u r e  may a l s o  
e x p l a l n  t h e  reduction o r  t h e  a b s e n c e  o f  spawnlng i n  mld -wln te r  
and t h e r e f o r e  b e  responsible f o r  t h e  b l m o d a l  p a t t e r n  o b s e r v e d  
I n  s e v e r a l  a r e a s ;  t h e  s u r f a c e  w a t e r s  would t h e n  b e  t o o  c o l d  f o r  
cod  e g g s  t o  b e  r e l e a s e d  a n d / o r  t o  d e v e l o p .  
L a r v a l  D r i f t  
I 
The s a m p l i n g  d e s i g n  a d o p t e d  f o r  t h e  S c o t i a n  S h e l f  I c h t h y o -  
p l a n k t o n  Programme d o e s  n o t  p e r m i t  a  d e t a i l e d  a n a l y s i s  o f  t h e  
drift patterns followed by planktonic organisms. However, if 
cod eggs and larvae drift on the Scotian Shelf in the way 
suggested by Jones (1968), i.e. away from discrete spawning 
areas, we should find many stations where only eggs or larvae 
were caught. Combining all the stations visited during the 16 
cruises included in this analysis, we find a total of 73 
stations where cod eggs and/or larvae were caught at least 
twice. Of these 73 stations, four produced only eggs and eight 
only larvae. 
Moreover, our analysis of the distribution of one and two 
year old cod shows that they are concentrated over the banks 
identified as major spawning areas, i.e. Banquereau, Middle and 
Sable Banks. This strongly suggests that the spawning and the 
nursery grounds are often within the same geographical area. 
From this evidence, we conclude that over most areas of the 
Scotian Shelf, cod larvae do not drift from spawning grounds to 
nursery grounds; instead, they are generally retained within 
large areas where both types of grounds are located, as sug- 
gested by O'Boyle et al. (in press). These authors proposed 
that gyres may provide the required retention mechanism, at 
least over some of the banks. 
A Hypothesis 
It is generally accepted that concentrations of suitable 
prey organisms sufficient to permit the survival of fish larvae 
are available only at certain times and in certain areas of the 
ocean. Based on this and on the results of the present analy- 
sis, we now put forward a hypothesis to explain the timing of 
cod spawning on the Scotian Shelf as outlined by our data. 
We propose that the spawning of Atlantic cod on the Scotian 
Shelf is restricted to those time periods when the temperature 
of the surface layer of the ocean is between approximately 
OOC and 12'~. We suggest that within these time periods, 
spawning occurs only in areas where prey organisms of the right 
size are likely to be sufficiently concentrated for the larvae 
to survive. In some areas, these conditions would be met only 
at the time of the spring bloom and spawning there would take 
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place only in the spring. In other areas, sufficient food con- 
centrations could become available in early summer before the 
temperature gets too high, or in mid-autumn and early winter 
1 before the temperature becomes too low; summer and/or autumn 
I 
and early winter spawnlng could then be observed. 
O'Boyle et al. (in press) found that cod eggs and larvae 
were mostly concentrated over the banks of the Scotian Shelf, 
I only a few being caught over the deeper basins. We observed the same situation for all the cruises Included in our analysis. 
O'Boyle et al. also indicated that higher concentrations of 
zooplankton were apparently associated with the offshore banks 
where smaller, probably more productive species dominated. It 
is therefore possible that cod spawning is concentrated over 
the banks and the coastal areas where the availability of prey 
organisms is better. 
I Iles and Sinclair (1982) proposed that the presence of ! retention areas and their size determine the identlty and the 
l size of herrlng stocks. O'Boyle et al. (in press) suggested 
that the same relatlonshlp could explaln the assoclatlon be- 
tween cod spawnlng and the offshore banks, the presence of 
i gyres associated with the banks providing the required reten- tion mechanism. Although we agree with this interpretation in 
general, we believe that the evidence currently available 
suggests that the existence of retention mechanisms is a means, 
not a cause, behind the observed features of cod spawning; 
larval retention would be another mechanism whereby the larvae 
would remaln In contact wlth sultable prey organisms. On the 
Scotlan Shelf, lt appears that retalnlng the larvae wlthln the 
area where adequate food is available is the major mechanism 
towards achieving the survival of cod larvae. In other areas 
I from which evldence is available, as for instance the Norwegian 
coast, larval drift appears to be prevalent (Gushing, 1982). 
The relative Importance of these mechanisms seems to be deter- 
mined by the hydrography of each area. Depending on the local 
conditions cod larvae, in order to find the required food con- 
centrations, may have to either drift with or towards prey 
aggregations or be retained with them. As suggested earlier, 
sufficient food concentrations may, but do not have to, depend 
on the seasonal plankton blooms. 
We realise that our hypothesis is highly speculative. Un- 
fortunately we did not have the time to carry out our analysis 
any further before the June meeting. We ,are now studying the 
temporal and spatial variations in water temperature and zoo- 
plankton concentrations to see if they support our hypothesis. 
We also want to compare the survival rate of the larvae pro- 
duced at different times of the year. 
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